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hange in Dietary Energy Density after
mplementation of the Texas Public School
utrition Policy
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BSTRACT
onsumption of energy-dense foods has been associated
ith rising obesity rates and the metabolic syndrome.
educing dietary energy density is an important strategy

o address obesity, but few studies have examined the
ffect of nutrition policies on children’s energy density.
he study’s objective was to assess the impact of the
exas Public School Nutrition Policy on children’s energy
ensity by using a pre- and post-policy evaluation. Anal-
sis of variance/covariance and nonparametric tests com-
ared energy density after the Texas policy change to
ntakes at baseline. Two years of lunch food records were
ollected from middle school students in Southeast Texas
t three public middle schools: baseline (2001-2002) and 1
ear after implementation of the Texas Policy (2005-
006). Students recorded the amount and source of foods
onsumed. The Texas Public School Nutrition Policy was
esigned to promote a healthy school environment by re-
tricting portion sizes of high-fat and high-sugar snacks and
weetened beverages, fat content of foods, and serving of
igh-fat vegetables like french fries. Energy density (kcal/g):
nergy density�1 was the energy of foods only (no bever-
ges) divided by the gram weight and has been previously
ssociated with obesity and insulin resistance; energy
ensity�2 included all food and beverages to give a com-
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lete assessment of all sources of calories. Following im-
lementationoftheTexaspolicy,students’energydensity�
significantly decreased from 2.80�1.08 kcal/g to 2.17�

.78 kcal/g (P�0.0001). Similarly, energy density�2
ignificantly decreased from 1.38�0.76 kcal/g to 1.29�
.53 kcal/g (P�0.0001). In conclusion, the Texas Public
chool Nutrition Policy was associated with desirable
eductions in energy density, which suggests improved
utrient intake as a result of student school lunch
onsumption.
Am Diet Assoc. 2010;110:434-440.

ietary energy density is defined as the amount of
energy for a given weight of food (kcal/g) (1). The
two main influences on energy density are water,

hich adds weight but not energy, and thus, decreases
nergy density; and fat, which has high energy content
nd raises energy density (2). The World Health Organi-
ation recommended restricting children’s intake of energy-
ense foods for obesity prevention (3). Likewise, the Expert
ommittee convened by the American Medical Association
ecommended that consumption of low energy-dense
oods was likely a useful strategy for pediatric weight
anagement (4). A growing number of study findings

ave linked the consumption of energy-dense foods with
besity (5), the metabolic syndrome (6), and type 2 dia-
etes (7). Experimental feeding studies have reported
hat children who consumed higher energy-dense foods
onsumed more energy (8,9), and this effect was additive
f portion size was also increased (8). Large-scale epide-

iological studies among children have reported positive
orrelations between dietary energy density and daily
nergy intake (10,11). Some longitudinal, epidemiological
tudies among children have linked higher energy den-
ity with higher fat mass (12,13). Similarly, in large-scale
ross-sectional epidemiological studies among adults,
onsumption of energy-dense foods was positively associ-
ted with weight status (6,14) and the metabolic syn-
rome (6). Short- and long-term studies have also re-
orted that consuming low–energy-dense foods was
ssociated with weight loss or maintenance among adults
15-20).

Schools provide an ideal setting to implement and eval-
ate policy interventions because they are an important
enue for targeting large numbers of youth. Previous
esearch has shown that school environments influenced
hildren’s dietary behavior (21). States and school dis-
ricts have enacted policies to improve school nutrition

22). For example, improvements in food consumption (ie,
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ore milk, calcium, and vitamin A, and fewer sweetened
everages) were associated with a local school district
olicy on snack bars in middle schools (23).
The Texas Public School Nutrition Policy was an un-

unded mandate designed to promote healthy school en-
ironments (24). The guidelines applied to all school food
nvironments, including snack bars and vending. For
iddle schools, the policy restricted portion sizes of

nacks and high-fat foods, sales of sweetened beverages,
nd the fat content of all foods (24). Implementation of
he policy was associated with greater lunchtime con-
umption of vegetables, milk, and several nutrients and
ower consumption of sweetened beverages, snack chips,
nd percentage energy from fat (25). These findings sug-
ested that improvements in energy density were likely,
ecause decreasing fat and increasing vegetable intakes
ere two important strategies to lower energy density

26). To date, no studies have examined the effectiveness
f school policy interventions to reduce children’s dietary
nergy density. This study seeks to fill this gap by report-
ng on the impact of the Texas Public School Nutrition
olicy on the energy density of lunchtime meals con-
umed by middle school students in Houston, TX. This
tudy uses data from a previously published study (25).
pecifically, the research objectives were to examine the
hanges in energy density after the policy, determine
hether socioeconomic status moderated the impact of

he policy on energy density, identify changes in the con-
ribution of individual food groups to energy intake after
he policy was implemented, and determine whether so-
ioeconomic status moderated changes by individual food
roups to energy intake.

ETHODS
he first year of the study was conducted during the
001-2002 school year, and the schools were chosen and
ssessed as part of a convenience sample for an interven-
ion study (27). The second year of the study encompassed
he 2005-2006 school year. The Texas Public School Nu-
rition Policy was implemented statewide in the fall of the
004-2005 school year. For years 1 and 2, school-level
emographics were obtained from the school district. In
ear 2 only, individual-level demographics were obtained.
ecause students who qualify for the federal free/reduced

unch program must meet specific family-income eligibil-
ty criteria (�185% of the federal poverty level) (28), this
ndicator provides a school-level measure of socioeco-
omic status based on income. Data were collected by
esearch assistants at three middle schools in the same
chool district in Southeast Texas from September to May
uring both academic years, as described previously (25).
esearch assistants received a 2-hour training on dietary
ata collection specifically for this study’s instruments,
hich included survey logistics, sampling, and answering

tudents’ questions, and were observed monthly by the
roject manager. This research was approved by the In-
titutional Review Board of Baylor College of Medicine.
Briefly, all parents received study information and no-

ified that their child could assent or refuse to provide
ata. Then, assented sixth- through eighth-grade stu-
ents completed anonymous lunch food records immedi-
tely after lunch in the cafeteria, which has been shown

o maximize accuracy of self-report (29). The lunch food t
ecords used were shown to be valid in a previous study
30). On each school day during the week, research assis-
ants selected either one or two tables of students at each
unch period and asked students to complete a food record
or lunch consumption only. Lunch tables were selected
tarting at one side of the cafeteria and then on subse-
uent days, tables closer to the opposite side of the cafe-
eria were selected until all tables had been sampled.
his process was then repeated throughout the entire
chool year, September through May. Research staff did
ot collect data on refusals. Because records were anon-
mous, students could have completed more than one
ecord during each school year. No individual demo-
raphic data were collected in year 1.
From the food records, data were entered into the Nu-

rition Data System (versions 4.2 [1999] and NDS-R-2005
2005], Nutrient Coordinating Center, University of Min-
esota, Minneapolis) to obtain average daily lunch intake
f calories and the average gram weight of food at lunch.
ecause no standard definition of energy density exists

1), the energy density of students’ lunch meals was de-
ned by two calculation methods: energy density�1 as
he total energy (kilocalories, where 1 kcal�4.184 kJ) of
he lunch meal divided by the total weight (gram) of the
unch meal, excluding all beverages, and energy densi-
y�2 as the total energy (kilocalories) of the lunch meal
ivided by the total weight (grams) of the lunch meal,
ncluding all foods and beverages (water included) as
escribed previously (1). Energy density�1 was calcu-
ated for comparative purposes and served as the primary
utcome measure. Energy density�1 or food energy den-
ity (without beverages) has been previously associated
ith obesity (5,16,18,31) and the metabolic syndrome (6).
nergy density�2 was a secondary outcome measure and
alculated to provide useful information on the complete
iet, including all food and all beverages, such as water,
ruit juices/drinks, and soft drinks. All analyses were
erformed for each energy density definition separately.
Students’ daily average lunch intake by food groups

nd the percentage of average daily intake by food groups
ere also calculated. Using the Nutrition Data System

ood file output, the foods were classified into food
roup�specific categories based on the Nutrient Coordi-
ating Center code and description. The percentage of
aily lunch intake per food group were secondary out-
omes and calculated as the food group�specific kilocalo-
ies (energy) divided by the total kilocalories (excluding
everages) and multiplied by 100%. Beverages were ex-
luded from the calculation of food group�specific per-
entage of total energy because this calculation would
ost closely resemble energy density�1, which excluded

everages. Energy density�1 was also the primary out-
omes measure of this study and has been associated with
ealth outcomes (5,6,16,18,31).

tatistical Methods
nalysis of variance (ANOVA) was used to address the
tudy objectives, using the Statistical Analysis Software
version 9.1.3, 2006, SAS Institute Inc, Cary, NC). Two-
ay ANOVAs, with year and school socioeconomic (SES)
s factors, were used to identify differences in energy
ensity between academic years and school SES (objec-

ive one). The inclusion of a study year�SES interaction
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erved to assess whether SES moderated the effect of
olicy on energy density (objective two). A significance
evel of 0.05 was used for these analyses.

Although a significant interaction indicated modera-
ion by SES, the global statistic did not indicate specifi-
ally how the change between years was moderated by
ES. Therefore, subsequent to significant interactions,
ests of simple effects were performed to more specifically
dentify significant moderation. The tests of simple ef-
ects consisted of stratifying by SES and then examining
ifferences between years. The academic years (2001-
002; 2005-2006) were considered independent student
ohorts and the schools were classified as low, moderate,
r high SES based on the percent of students who quali-
ed for the federal free/reduced lunch program using
chool level data. To control for inflated type I errors
aused by multiple testing, the Bonferroni correction was
sed and the significance level was set to 0.0167.
Similarly, two-way ANOVAs, with year and school SES

s factors, were used to identify differences between ac-
demic years for the food group-specific percentage of
otal energy (objective three). Analyses were performed
or each food group separately. As mentioned here, the
nclusion of a study year�SES interaction served to as-
ess whether SES moderated the effect of policy on the
ood group�specific percentage of total energy (objective
our). Because there were eight different food groups, a
ignificance level of 0.00625 was used per the Bonferroni
orrection. For significant interactions, tests of simple
ffects were performed to more specifically identify sig-
ificant moderation. The tests of simple effects consisted
f stratifying by SES and then examining differences
etween years. The Bonferroni correction was used and

Table 1. Percentages for participant characteristics from the low, m
implementation of the Texas Public School Nutrition Policy

Low SESa (%)

Year 1 Year 2

Year 1 school demographicsb

% Free/reduced lunch 68 75
Ethnicity

African American 1 1
Hispanic 87 89
White 11 9
Other 1 1

Year 2 individual demographics
Ethnicity

African American NAc 2
Hispanic 93
White 2
Other 3

Sex NA
Male 66
Female 34

aSES�socioeconomic status.
bIndividual-level demographics were available for year 2 only.
cNA�not applicable.
he significance level was set to 0.002. Effect sizes were o

36 March 2010 Volume 110 Number 3
lassified as small (d�0.25), medium (d�0.50), and large
d�0.80) as described previously by Cohen (32).

ESULTS
chool-level sociodemographic characteristics obtained

rom the school district are shown in Table 1, stratified by
chool SES. The low-SES school had a higher proportion
f Hispanic students, while the high-SES school had a
igher proportion of non-Hispanic white students. In year
, when individual-level sociodemographic data were as-
essed, the low-SES school had a higher proportion of
ales (66%) than females (34%), while the moderate-SES

52% female) and high-SES (50% female) SES schools
ere more evenly split by sex.
In year 1, 2,616 self-reported food records were col-

ected, while in year 2, 10,172 records were collected.
ata collection occurred in the schools about 50% of the

ime. Changes in the school-level demographics of the
hree schools for years 1 and 2 occurred. Enrollment
ncreased from about 900 to 1,100 students per school.
he percent of students eligible for free/reduced-price
eals increased from 26% to 38%, 50% to 66%, and 68%

o 75% in the high-, moderate-, and low-SES schools,
espectively. The percentage of Hispanic students in-
reased slightly (35% to 45%; 62% to 72%, 87% to 89%),
hile non-Hispanic white students decreased slightly

61% to 48%, 29% to 18%, 11% to 9%).
Results from the two-way ANOVAs yielded significant

ear and SES main effects and significant year�SES
nteractions (P�0.001 for all) for both measures of energy
ensity (Table 2). Comparing the overall energy density�
for the three schools before and after the policy, in year
foods consumed at school lunch had an energy density

te, and high SES middle schools before (Year 1) and after (Year 2)

Moderate SES (%) High SES (%)

Year 1 Year 2 Year 1 Year 2

50 66 26 38

7 8 0 1
62 72 35 45
29 18 61 48
2 3 4 6

NA 10 NA 3
77 60

9 31
4 6

NA NA
48 50
52 50
odera
f 2.80�1.08 kcal/g (n�2,616), while in year 2 energy



d
1
0
1
i
r
b
w
b
d
r
s
t
d
i
a
e

e
s
3
e
y
a
n
p
f
a
b
c
g
S
f
d
h
g

(
b
h
d
m
l
s
S

D
I
i
t
b
e
w
r
w
2
k
2
o
c
t
e
g
s
v
d
c
e
c
d
t

ensity�1 significantly declined to 2.1 �0.78 kcal/g (n�
0,172). Similarly, energy density–2 in year 1 was 1.38�
.76 kcal/g (n�2,616) and declined considerably to
.29�0.53 kcal/g (n�10,172). The significant year�SES
nteractions were of primary interest as they signified the
eduction in energy density was significantly moderated
y SES, meaning that the change between years 1 and 2
as different for at least one SES group. When stratified
y SES (with P�0.0167), significant reductions of energy
ensity–1 occurred at all three schools. However, large
eductions, based on standardized effect sizes, were ob-
erved for the moderate-and high-SES schools, whereas
he low-SES school exhibited a small reduction in energy
ensity�1. In contrast to significant reductions observed
n energy density�1 at all three schools, only the moder-
te- and low-SES schools had significant reductions of
nergy density�2, although these reductions were small.
Nearly all food group�specific percentages of total en-

rgy differed significantly by year (year 1 vs year 2),
chool SES level, and the interaction of year�SES (Table
; P�0.00625). Among all food groups, the year main
ffect was significant except for grains. The significant
ear�SES interactions indicated that school SES moder-
ted the change in percentage from total energy. No sig-
ificant (P�0.002) changes in year 2 were observed in the
ercentage of dessert for the high-SES school, grains and
at/oil for the moderate SES school, and fruit, vegetables,
nd candy for the low-SES school. With all schools com-
ined, the percentage of energy for each food group
hanged from year 1 to year 2 for all food groups except
rains. The following food groups increased: the National
chool Lunch Program (NSLP) mixed entrée, vegetables,

ruit, and the NSLP dessert. The following food groups
ecreased: snack chips, fat/oil, and candy. Snack chips
ad the largest effect size (0.76), while the remaining food

Table 2. Mean (standard deviations) and results from two-way analy
socioeconomic status (SES) for the middle school students before (Y
Public School Nutrition Policy

Energy density

Year 2001-20

n M

Energy density without beveragesc

High SES (26%) 978 3.
Moderate SES (50%) 937 2.
Low SES (68%) 701 2.
Total 2,616 2.

Energy density with beveragesd

High SES (26%) 978 1.
Moderate SES (50%) 937 1.
Low SES (68%) 701 1.
Total 2,616 1.

aSD�standard deviation.
bUsing Cohen’s interpretation, the magnitude of the standardized effect sizes (ES) are s
cSignificant year F(1,12782)�1029.67, P�0.0001; SES F(2,12782)�384.14, P�0.0001
difference between years for all SES schools (P�0.0001).
dSignificant year F(1,12782)�55.29, P�0.0001, and year by SES F(2,12782)�7.50, P�
low-SES schools (P�0.001).
roups all had small or small-to-moderate effect sizes p
0.04 to 0.36). The changes to percentage of total energy
y food groups did vary by school SES, although most
ad small effect sizes. Exceptions included a moderate
ecrease from snack chips at the high-SES school, a
oderate increase in the NSLP mixed entrée and a

arge decrease for snack chips at the moderate-SES
chool, and a moderate decrease in fat/oil at the low-
ES school.

ISCUSSION
mplementation of the Texas Public School Nutrition Pol-
cy was associated with desirable decreases in the lunch-
ime energy density of middle school students, whether
everages were included or not. The overall reduction in
nergy density�1 (food only, no beverages) of 0.63 kcal/g
as consistent with previous reports among adults who

educed their energy density and achieved long-term
eight loss and maintenance (16,18). In addition, in year
(post-policy), mean energy density�1 declined to 2.17

cal/g, which is closer to mean energy density�1 of
.03�0.03 kcal/g (standard error) for an entire day, based
n nationally representative data on 9- to 13-year-old
hildren from National Health and Nutrition Examina-
ion Survey 1999-2004 (33). Substantial reductions in
nergy density�1 were seen at all three schools, but were
reatest for the high- and moderate-SES schools. Those
tudents had the highest lunchtime energy density�1
alues in year 1, with values well above comparable mean
aily energy density�1 values for 9- to 13-year-old US
hildren (33) and, instead, were in the range of the high-
st energy density�1 tertile category for US adults. A
aveat in these comparisons is that the students’ energy
ensity�1 values were from the lunch meal only, rather
han the entire day’s dietary intake (5). Nevertheless, it is

f variance for lunchtime energy density by academic year and school
001-2002) and after (Year 2005-2006) implementation of the Texas

Academic Year

ESb

Year 2005-2006

SDa n Mean�SD

.01 3,558 2.34�0.87 0.99

.19 3,458 2.09�0.72 1.07

.70 3,156 2.06�0.69 0.29

.08 10,172 2.17�0.78 0.87

.83 3,558 1.31�0.59 0.04

.85 3,458 1.26�0.49 0.22

.50 3,156 1.29�0.51 0.15

.76 10,172 1.29�0.53 0.12

.25), moderate (0.50), and large (0.80).
Year by SES F(2,12782)�166.38, P�0.0001 effects; simple effects yielded significant

effects. Simple effects yielded significant difference between years for moderate- and
ses o
ear 2

02

ean�

12�1
97�1
15�0
80�1

35�0
42�0
38�0
38�0

mall (0
; and

0.0006
lausible that students from the high- and moderate-SES
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chools had more money to spend on snack foods or vend-
ng machine items in year 1, which resulted in higher
unchtime energy density�1. Because the Texas Public
chool Nutrition Policy restricted the purchase of these

tems in year 2, energy density�1 declined at all schools,
ut more substantially at the moderate- and high-SES

Table 3. Percentage of total lunchtime energy by food group, year, an
(Year 1) and after (Year 2) implementation of the Texas Public Scho

Food groupa Year 1

4™™™™™™™™
High SES 978

4™™™™™™™™
Meat/cheese/mixed entrée 27.4�20.5
Fruit 2.0�6.0
Vegetables 7.9�11.5
Grains 17.2�14.4
Dessert 9.2�20.2
Candy 5.7�16.1
Fat/oil 13.6�12.4
Snack chips 16.4�28.3

4™™™™™™™™
Moderate SES 937

4™™™™™™™™
Meat/cheese/mixed entrée 28.2�19.4
Fruit 3.8�8.1
Vegetables 4.6�6.7
Grains 21.1�15.2
Dessert 5.4�14.5
Candy 6.9�18.1
Fat/oil 10.4�10.0
Snack chips 18.9�30.9

4™™™™™™™™
Low SES 701

4™™™™™™™™
Meat/cheese/mixed entrée 37.2�16.9
Fruit 7.4�10.5
Vegetables 10.6�11.3
Grains 22.9�11.5
Dessert 2.8�7.8
Candy 2.0�6.9
Fat/oil 13.9�10.0
Snack chips 2.3�10.5

4™™™™™™™™
Total 2,616

4™™™™™™™™
Meat/cheese/mixed entrée 30.3�19.6
Fruit 4.1�8.4
Vegetables 7.5�10.2
Grains 20.1�14.2
Dessert 6.1�15.8
Candy 5.1�15.2
Fat/oil 12.5�11.1
Snack chips 13.5�26.8

aLevel of significance (P�0.00625) for global effects; all global main effects and interactio
(P�0.002), unless noted.
bUsing Cohen’s interpretation, the magnitude of the standardized effect sizes are small
cNot significant.
chools. In support, the percentage of energy from snack s

38 March 2010 Volume 110 Number 3
hips decreased substantially from year 1 to year 2. These
ecreases had moderate or large effect sizes at the high-
nd moderate-SES schools, respectively, compared to the
mall effect size at the low-SES school.
The Texas Public School Nutrition Policy was also as-

ociated with desirable changes to lunchtime energy den-

ool socioeconomic status (SES) for the middle school students before
trition Policy

Year 2 ESb

™™™™™ n ™™™™™™™™™™™™™™™™™3
3,558

�standard deviation ™™™™™™™™3
34.8�21.6 0.35
5.0�9.4 0.34

10.8�13.7 0.22
19.1�13.4 0.14
10.8�18.7 0.09c

4.3�9.2 0.13
10.7�10.4 0.26
4.5�13.1 0.68

™™™™™ n ™™™™™™™™™™™™™™™™™3
3,458

�standard deviation ™™™™™™™™3
38.2�19.4 0.52
7.9�10.6 0.41
8.5�10.8 0.39

19.8�12.7 0.10c

9.2�18.8 0.21
4.0�8.2 0.27

11.0�9.4 0.07c

1.2�7.3 1.13
™™™™™ n ™™™™™™™™™™™™™™™™™3

3,156
�standard deviation ™™™™™™™™3

39.7�19.1 0.13
6.6�10.1 0.08c

11.7�13.8 0.09c

19.9�13.2 0.23
9.7�20.1 0.37
2.2�5.8 0.03c

9.4�8.4 0.52
0.9�6.7 0.19

™™™™™ n ™™™™™™™™™™™™™™™™™3
10,172

�standard deviation ™™™™™™™™3
37.5�20.2 0.36
6.5�10.1 0.25

10.3�12.9 0.23
19.6�13.1 0.04c

9.9�19.2 0.21
3.5�8.0 0.16

10.4�9.5 0.21
2.3�9.7 0.76

e significant except for the year main effect for grains; all simple effects were significant

moderate (0.50), and large (0.80).
d sch
ol Nu

™™™™

mean

™™™™

mean

™™™™

mean

™™™™

mean

ns wer

(0.25),
ity�2, which included all foods and beverages. These
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ecreases in energy density�2 were significant only for
he moderate- and low-SES schools. The baseline energy
ensity�2 values were higher than comparable energy
ensity�2 values (1.30�0.031) from a nationally repre-
entative sample of secondary school students participat-
ng in the NSLP (34). However, the decrease in energy
ensity�2 associated with the policy resulted in energy
ensity values similar to energy density�2 values for
econdary school students participating in the NSLP
rom that same study (34).

Changes in lunchtime energy density were associated
ith greater percentages of energy from the following

ood groups: NSLP mixed entrée, NSLP dessert, vegeta-
les, and fruit, although the effect sizes were small. Con-
ersely, changes in energy density were associated with
ecreased percentages of energy from snack chips, fat/oil,
nd candy, with the effect size for snack chips being the
argest. These findings were consistent with the previ-
usly published findings, which reported associations
ith increased intake of NSLP foods and decreased snack
ar and vending machine item intake (25). These findings
ere generally consistent with national recommenda-

ions to improve fruit and vegetable consumption and
ecrease intake of fats, added sugars, and salt (35). They
re also consistent with previously published recommen-
ations for changing the energy density of diets for
eight management, which included increasing water

ich ingredients (ie, fruits and vegetables), and reducing
he amount of added fat to mixed dishes in addition to
imply eating more fruits and vegetables (26). Changes in
nergy density were also associated with greater con-
umption of foods prepared as part of the NSLP (mixed
ntrée and dessert). These are desirable changes since
he NSLP mixed entrée and dessert are under the direct
ontrol of schools or school districts, rather than outside
endors.
The changes to the percentage of total energy by food

roups differed by school SES, with most changes having
mall effect sizes. Although for all three schools combined
he decrease in snack chips had the largest effect size,
nalyses stratified by school SES revealed that the policy
as associated with high or moderate decreases, respec-

ively, to snack chips at the moderate- and high-SES
chools only. The decrease at the low-SES school had a
mall effect size. Because the students from the moder-
te- and high-SES schools may have had greater dispos-
ble income and had substantially higher percentages of
otal energy due to snack chips at baseline, the policy may
ave been able to have a greater impact on their con-
umption of snack chips by limiting in-school purchases
f those items.
This study has several limitations, as reported previ-

usly (25). First, there was no control group, and individ-
al students were not followed longitudinally; therefore,
he changes in energy density may simply reflect a secu-
ar trend or be due, in part, to changing demographics at
he schools. Second, the dietary intake data were by stu-
ents’ self-report, although this method was previously
alidated against direct observation (30). Third, individ-
al-level sociodemographic data on students were col-

ected only in year 2, and no data on nonresponders were
ollected. Fourth, it cannot be determined whether stu-

ents completed multiple assessments, although this bias t
as minimized by aggregating the data at the weekly
evel. Also, the analyses did not account for potential bias
rom social clustering at lunch tables, nor the potential
lustering effect by school because only three schools
nrolled in the study. Although the schools varied by
ES, their race/ethnicity makeup may not reflect other
chools, limiting external generalizability. Fifth, no pro-
ess evaluation was conducted to assess the degree of
olicy implementation at the schools. Finally, dietary
ntake was assessed only at lunchtime, which may not
eflect consumption during a 24-hour period. It could be
rgued that decreasing students’ lunchtime energy den-
ity may lead to higher energy density at home. However,

previous study (34) reported that among secondary
chool students, NSLP participants had higher energy
ensity�2 at school than at home. This finding suggests
hat these students may not compensate for the lower
nergy density�2 at school by increasing energy den-
ity�2 outside of school. Additional research is necessary
o clarify that important issue.

ONCLUSIONS
his study is the first to report on a successful school
utrition policy intervention that significantly reduced
tudents’ lunchtime energy density. The policy had dif-
erent desirable effects to students’ lunch intake, depend-
ng on school SES. Because consumption of higher–energy-
ense foods has been linked to obesity and the metabolic
yndrome, reducing energy density on a population level
s a necessary strategy. This report is important because
he Texas Public School Nutrition Policy has wide scope
nd implications. The policy provides school nutrition
uidelines for the entire state of Texas and serves as a
odel for other states and school districts to follow. Of

articular note, because the Texas Public School Nutri-
ion Policy was associated with a greater percentage of
nergy consumed from the NSLP entrée and dessert, food
nd nutrition practitioners should provide guidance on
ptimizing the nutritional quality of these items. In ad-
ition, this report lends support to the idea that school
unch policies should extend to all food environments,
ncluding snack bars and vending machines, because the
tems from those areas were most highly impacted and
ssociated with lower lunchtime energy density. Addi-
ional studies are needed to confirm these findings and
etermine their associations with overall daily energy
ensity, energy balance, and weight status.
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